1. Introduction {#sec0005}
===============

Kobuviruses are non-enveloped, polyadenylated, single-stranded, positive-sense RNA viruses and represent a distinct genus in the family *Picornaviridae*. Based on their genomic organization and sequence similarities, kobuviruses are currently classified into 3 species, *Aichivirus A* (formerly *Aichi virus*), *Aichivirus B* (formerly *Bovine kobuvirus*) and *Aichivirus C* (porcine kobuvirus) ([@bib0005]). Human Aichi virus (AiV) was first recognized in 1989 as the cause of oyster-associated nonbacterial gastroenteritis in humans in Aichi Prefecture, Japan ([@bib0125]). Several investigations have subsequently revealed that AiVs are involved in 0.9--4.1% of sporadic cases of pediatric gastroenteritis ([@bib0010], [@bib0115], [@bib0075], [@bib0070]). Novel kobuviruses genetically closely related to human AiVs have been recently found in domestic and wild carnivores ([@bib0080], [@bib0090], [@bib0020], [@bib0030], [@bib0050], [@bib0055]). Carnivore kobuviruses were firstly discovered in diarrhoeic and asymptomatic dogs in USA ([@bib0080], [@bib0090]). Upon genome sequencing, canine kobuvirus (CaKoV) was found to be genetically closely related to mouse kobuvirus (MuKoV) (84.0% amino acid \[aa\] identity) ([@bib0105]) and to human AiV (80.0% aa identity). Subsequently, CaKoV-like RNA was detected in diarrhoeic cats in South Korea ([@bib0030]). The aa identity between CaKoVs and feline kobuvirus (FeKoV) in the full-length genome ranged from 82.0% to 86.0%, while aa identity to human AiV was 79.0% ([@bib0025]). Molecular investigations worldwide have revealed that CaKoVs are common in both symptomatic and asymptomatic dogs ([@bib0080], [@bib0090], [@bib0020], [@bib0045], [@bib0095]). By converse, there is no information on the epidemiology of the newly described FeKoVs after their initial description in Asia ([@bib0030], [@bib0025]).

In order to start filling this gap, we screened faecal samples obtained from asymptomatic and diarrhoeic cats. Also, the full-length genome sequence of a FeKoV strain was determined.

2. Materials and methods {#sec0010}
========================

2.1. Collection of faecal samples and extraction of DNA and RNA {#sec0015}
---------------------------------------------------------------

A total of 83 stool samples from domestic cats aged 2--12 months were collected from April to July 2013 in three distinct shelters located in different Italian regions. The faecal panel consisted of 37 samples from cats with signs of mild to severe gastroenteritis and 46 samples from asymptomatic animals.

The RNA was extracted from 200 μl of 10% (wt/vol) faecal suspension by using the TRIzol LS (Invitrogen, Ltd, Paisley, UK) procedure. The final RNA pellet was resuspended in 50 μl of RNase free water and used directly in RT-PCR assays or stored at −80 °C. Total DNA was extracted from the supernatants of faecal homogenates by boiling for 10 min and chilling on ice. To reduce residual inhibitors of DNA polymerase activity to ineffective concentrations, the DNA extracts were diluted 1:10 in distilled water as previously described ([@bib0035]).

2.2. Screening by RT-PCR and PCR and sequence analysis {#sec0020}
------------------------------------------------------

Kobuvirus RNA was detected by RT-PCR using a broadly reactive primer pair, UNIV-kobu-F/UNIV-kobu-R ([@bib0110]), which amplifies a 217-bp fragment of the 3D region of all kobuvirus species. The samples were also tested by PCR or RT-PCR for feline parvovirus (FPV) ([@bib0015]) and feline enteric coronavirus (FECV) ([@bib0060]).

The amplicons were excised from the gel and purified using a QIAquick gel extraction kit (Qiagen GmbH, Hilden, Germany). The fragment was then subjected to direct sequencing using BigDye Terminator Cycle chemistry and 3730 DNA Analyzer (Applied Biosystems, Foster, CA). Basic Local Alignment Search Tool (BLAST; [http://www.ncbi.nlm.nih.gov](http://www.ncbi.nlm.nih.gov/){#intr0005}) and FASTA (<http://www.ebi.ac.uk/fasta33>) with default values were used to find homologous hits.

2.3. Determination of the full-length genome of FeKoV TE/52/13/ITA {#sec0025}
------------------------------------------------------------------

In order to determine the complete genome sequence of one FeKoV strain (sample TE/52/13/ITA), 5′ and 3′ RACE protocols and long RT-PCRs with consensus primers designed on the basis of sequence alignments were used. A ∼3.0 kb region at the 3′ end of the genome was amplified by a 3′ RACE protocol. The cDNA was synthesized by SuperScript III First-Strand cDNA synthesis kit (Invitrogen Ltd, Italy) with an oligo(dT). The PCR was performed with TaKaRa La Taq polymerase (Takara Bio Europe S.A.S. Saint-Germain-en-Laye, France) using consensus primers. Finally, the amplicon was purified and cloned by using TOPO^®^ XL Cloning Kit (Invitrogen Ltd, Milan, Italy). The complete 3.0 kb sequence was determined by a primer walking strategy. To obtain the 5′ end sequence of the genome, a 5′ RACE kit was used (Invitrogen Ltd, Italy). Sequence gaps were filled by long RT-PCR with either specific or consensus primers. Sequence editing and multiple alignments were performed with Bioedit software package vers. 2.1 ([@bib0065]). Phylogenetic analysis (Neighbor-Joining) with bootstrap analysis (1000 replicates) and Poisson correction was conducted by using the MEGA software package v3.0 ([@bib0085]).

3. Results and discussion {#sec0030}
=========================

Out of 83 samples, 5 (6.0%) contained FeKoV RNA. All the positive samples were identified from diarrhoeic cats (5/37), with a prevalence rate of 13.5%. Three of the FeKoV-infected samples were also positive for FPV and FECV, while two samples tested positive only for FeKoV. Partial 3D sequences were determined from all the positive samples and compared with cognate sequences available in the databases. By FASTA and BLAST analyses all the sequences displayed the closest nucleotide (nt) identity (91.0--94.0%) to the FeKoVs recently discovered in South Korea ([@bib0030]).

The full-length genome sequence of one FeKoV strain (TE/52/13/ITA) was determined and deposited in Genbank under accession number KM091960. The TE/52/13/ITA genome was 8,201-nt in length excluding the poly(A) tail and shared the highest nt identity (96.0%) to the Asian prototype strain FK-13 ([@bib0025]), while identity to CaKoVs and AiVs was 80.0--83.0% and 75.0--77.0%, respectively.

The predicted polyprotein (2436 aa) encoded by a single open reading frame (7,467 nt), was flanked by a 646-nt-long 5′ untranslated region (5′ UTR) and a 244-nt-long 3′ UTR. The polyprotein comprised a leader protein (L), three structural proteins (VP0, VP3, and VP1), and seven nonstructural proteins (2A to 2 C and 3A to 3D). The positions of the cleavage sites on the polyprotein were predicted by sequence alignments and NetPicoRNA analysis (<http://www.cbs.dtu.dk/services/NetPicoRNA>). Likewise in other kobuviruses, the predicted cleavage sites were consistent with L/VP0, VP3/VP1, VP1/2A, 2A/2B, 2B/2 C, 2 C/3A, 3B/3 C and 3 C/3D sites, all which contained Q/G residues, but the VP0/VP3 and 3A/3B cleavage sites, which contained E/G and Q/A residues. The aa identity between strain TE/52/13/ITA and FK-13 in the P1 (853 aa), P2 (636 aa) and P3 (779 aa) regions was 98.0%, 100% and 98.0%, respectively. Based on sequence and phylogenetic analysis ([Fig. 1](#fig0005){ref-type="fig"} ), the two FeKoV strains formed a tight group (bootstrap value 100%) distinct from CaKoVs, MuKoV and AiVs, within the species *Aichivirus A*.Fig. 1Phylogenetic tree based on the full-length amino acid sequence (2436 aa) of the FeKoV TE/52/13/ITA. Tree was generated using the neighbor joining method and Poisson correction, supplying a statistical support with bootstrapping of 1000 replicates. The scale bar indicates nucleotide substitutions per site. Abbreviations: CaKoV, canine kobuvirus; FeKoV, feline kobuvirus; AiV, aichi virus; PKV, porcine kobuvirus; BKV, bovine kobuvirus.

The findings of this study demonstrate that FeKoVs are not geographically restricted to South Korea, where they were first signalled ([@bib0030], [@bib0025]). Our results also provide further evidence that a distinct group of kobuviruses (i.e. FeKoVs) within *Aichivirus A* species, but with peculiar genetic signatures, circulates in cats. Accordingly, FeKoVs should be considered as common constituents of feline enteric viroma. In this study, FeKoVs were detected only in diarrhoeic animals, with a prevalence rate similar to that reported in South Korea ([@bib0030]). Some of the FeKoV-positive cats were also infected by other feline pathogens such as FPV or FECV. These findings were not unexpected, as mixed infections are not infrequent, chiefly in animal communities such as shelters. Although these results demonstrated that FeKoVs are common viruses of cats, it is not clear whether they also play a role as enteric pathogens. Large structured epidemiological studies and comprehensive characterization of FeKoV strains identified from other geographic areas and experimental infections might help clarify their global distribution, genetic heterogeneity and possible association with enteric diseases in cats.

Several pieces of evidences indicate that enteric viruses of carnivores may have a zoonotic potential: (i) infection of young children by rotavirus strains of canine and feline origin has been documented repeatedly ([@bib0040]); (ii) having dogs in or near a home has been recognized as a risk factor for acquisition of IgA antibodies specific for noroviruses (NoVs) in infants in a seroepidemiologic study conducted in rural Mexico ([@bib0100]); (iii) IgG antibodies specific for NoVs of carnivores (genotype GIV.2) have been detected in human serum samples ([@bib0050], [@bib0055]) and dogs can be infected, in turn, with human NoVs of different genotypes ([@bib0120]); (iv) IgG antibodies specific for human AiV (strain A846/88) were detected in dog and cat sera in a serological study conducted in Europe ([@bib0020]). Accordingly, considering the close genetic relatedness of these novel kobuviruses with AiVs, and the strict social interactions between humans and cats, it will be important to address whether cross-species transmission of kobuviruses might occur between carnivores and humans.
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